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Abstract

Background: Ablative laser treatment is widely used in dermatology. Different laser types are available. In contrast to that, the medical publication on erbium-YAG
laser in dermatology often include small samples only.

Objective: We want to demonstrate the versatility of classical erbium-YAG laser for medical conditions in dermatology in a single-center study.

Materials and methods: This is a retrospective analysis of patients treated between 2003 and 2011 at our department for benign, premalignant and malignant
disorders. Laser treatment was realized with a 2940 nm MCL 29 Dermablate erbium-YAG laser.

Results: In total 1211 laser treatments have been performed. The age range of patients was between 8 years and 89 years. In 91% of treatments either no anesthesia
or only topical prilocaine/ lidocaine ointment was necessary. Major indication for erbium-YAG laser treatment were hard to treat verrucae vulgares of hands and feet
and other virus-induced lesions. The second largest disease group consisted of benign tumors with seborrheic keratosis on the lead. In most cases a single laser session
was effective to remove the lesions completely. Adverse effects were rarely seen, such as pigment changes. Scars were commonly treated but they needed several laser
sessions to obtain a >50% improvement. Laser treatment for scars should be combined with other treatment modalities for better results. Premalignant lesions are an
important indication. The complete clearance rate was high. In chronic actinic cheilitis we obtained 100% complete and stable clearance. Smaller superficial cutaneous
metastases can be treated by laser in a palliative setting with minor morbidity and good local control.

Conclusion: Erbium-YAG is a versatile laser, a “working horse” for common cutaneous disorder. The treatment is comfortable for the patients with minor downtime,

limited pain and mostly excellent outcome.

Introduction

The erbium-doped yttrium aluminium garnet (erbium-YAG)
laser is a solid-state crystal laser. The laser light of 2,940 nm is strongly
absorbed by water. This prevents laser cutting of skin and extensive
scarring. Often either no anesthesia is needed or only topical anesthetic
ointment.

The pulsed 2,940 nm erbium-YAG laser is a precise ablative tool.
Cavity expansion, collapse and associated acoustic transients are
responsible for photoacoustic vaporization followed by phase explosion
and material ejection [1]. Erbium-YAG laser produces a measureable
skin contraction after superficial ablation of between 5% and 14%, a
feature that is of interest in not only in esthetic surgery [2]. Collagen
injury is less than with conventional CO, laser and tissue regeneration
is faster [3].

In comparison to CO,, the erbium-YAG led to clean ablation craters
and precise cuts with only minimal adjacent tissue damage followed by
excellent healing without apparent scarring. Longer pulse duration will
increase thermal damage. This laser type has also bactericidal effects
but does not coagulate effectively [4].

Erbium-YAG laser has been the working horse in many
dermatologic clinics for years before the age of fractional lasers and
other technical modifications. Surprisingly, larger studies on erbium-
YAG laser in dermatology are sparse.

Material and methods

We evaluated the indications and treatment modalities as well
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the outcome and adverse effects of pulsed erbium-YAG laser therapy
2003-2011 at our department. During that time we used the laser MCL
29 Dermablate (Asclepion Laser Technologies, Jena, Germany). We
included medical treatments only.

The wavelength of this laser is 2,940 nm. The size of focus varied
between 1.6 mm, 3 mm and 5 mm. In most cases we used a frequency
of 8 Hz. The fluence was tailored to the skin type and type of lesion. In
about 86% of treatments the pulse energy was between 600 to 800 m]J,
resulting in fluences between 11.3 to 20 J/cm? Thicker hyperkeratotic
lesions needed a pulse energy of 1200 m].

Patients and staff had protective goggles during laser treatment.
Disinfection was performed before laser treatment and thereafter
with a solution containing 0.1% octenidine dihydrochloride and 2.0%
phenoxyethanol (Octenisept; Schiilke & Mayr, Norderstedt, Germany)
for facial and mucous lesions. Other body areas were disinfected by
72% propan-2-ol (Cutasept F; Bode, Hamburg, Germany).

Anesthetic procedures were discussed with the patient before and
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during treatment. We did a single shot with the laser and asked again,
whether anesthesia is needed or not. An evacuator with filters was used
during the procedure to remove the plume.

Post-laser recommendations included sun-protection, avoidance
of tanning salon, use of moisturizes and scar ointments (if needed) [5].

Results

A total of 1211 treatments was analyzed, i.e. 699 treatments for
males and 512 treatments for females. The age of patients ranged from
8 to 89 years (mean 58 + 26 years). Caucasians represented 97% of
patients with predominant Fitzpatrick skin type II. Of all treatments
25% did not need any type of anesthesia (mainly superficial, thinner,
smaller and limited lesions, but also seborrheic keratosis on the trunk).
In 66% a topical anesthetic ointment (EMLA 5% cream, AstraZeneca,
Sodertilje, Sweden) was used. In 9% prilocaine 1% solution (Xylonest
1%; AstraZeneca) was injected intracutaneous.

The top 12 indication for erbium-YAG laser treatment in our
department is shown in Figure 1.

The important indication was common warts - periungual,
subungual, and plantar warts (n=388). In patients with extensive
involvement several sessions were needed due to pain and bleeding
at the end of laser treatment (up to 12, mean 4 + 7). The complete
clearance rate was 68% for plantar warts, 78% for periungual warts and
76% for subungual warts. Due to the infectious nature relapses have
seen in particular in plantar warts (relapse rate: 17.8%). Other viral
infectious disorders treated were smaller condyloma acuminata (n=25)
and mollusca contagiosa (n=20), which needed only 1 laser session.

In case of seborrheic keratosis (n=240), 83% of patients presented
with multiple lesions. In these patients two to three sessions were
needed to remove all lesions. Healing without scars or pigment
changes was achieved in 99%. Closely related to seborrheic keratosis
is papulosis nigra - a special subtype with multiple hyperpigmented
small papules in darker Fitzpatrick skin types. We treated 10 patients
with excellent results in all but one were a prolonged postinflammatory
hyperpigmentation was seen.

Achrochordons of neck and axillaries (n=32) were also treated. For
larger achrochordons bipolar forceps was used for hemostasis, since
the erbium-YAG laser does not coagulate.

Fibrous papule of the nose is a disfiguring benign disorder. Only
a single treatment was necessary to gain a complete response with

Top 12 indications for erbium:YAG laser
treatment

Molluscusm contagiosum
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Figure 1. The top 12 indications for erbium-YAG laser therapy in the present study. The
bottom line shows the number of patients treated.
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Figure 2. Erbium-YAG laser treatment of facial lesions. Sebaceous gland hyperplasia
(a) before and (b) immediately after laser. Fibrous papules of the nose (c) before and (d)
immediately after laser. Hypertrophic scar (e) before and (f) after laser treatment.

excellent esthetic outcome (n=10). We have seen no scarring or
pigment changes at all.

Papillomatous melanocytic nevi (n=83) were treated by erbium-
YAG laser mainly for esthetic reasons. In all cases dermoscopy was
performed before to exclude doubtful lesions. Atypical melanocytic
lesions were referred to dermato-surgery. Outcome was favorable in
almost all patients. Slight hypopigmentation was seen in a single male
patient who used to attend a tanning salon despite our recommendation
of sun/ ultraviolet light protection. In about 10% of cases a second
treatment of the lesions was necessary due to partial relapse. Rare
indications were osteoma cutis (n=3), milia (n=>5), epidermal nevus
(n=3), nasal granuloma, sebaceous nevus and steatocystoma multiplex
(n=1 each) (Figure 2).

Hyperpigmentation can also be treated by erbium-YAG laser.
We recommend a dermoscopy investigation in all hyperpigmented
lesions for safety reasons. In our case the most common indication was
lentigines (n=29). Here a slight erythematous post-laser response is
often seen. Sun- / ultraviolet light protection is warranted. All lesions
healed without leaving scar or pigmentary changes. Postinflammatory
hyperpigmentations (n=12) need more caution to avoid a relapse. A
combination with oral vitamin C and tocopherol plus sun protection
factor 50 ointment were recommended. Labial melanotic macules
can be treated safely without leaving textural or pigmentary changes.
In case of traumatic tattoos (n=7) several treatments are necessary to
achieve a good cosmesis.

Benign eyelid dermatoses are an indication for erbium-YAG laser
therapy. The most common diagnosis was xanthelasma palpebrarum
(n=28), in several cases relapsed after lid surgery. In 25 of 28 patients
only on laser session was needed. Bleeding during the procedure may
prevent the complete removal. Bipolar forceps was not used. Under
these circumstances a second laser session was performed. No scarring
or texture changes were noted after the procedure.
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Eyelid fibromas (n=4) were removed in a single session with
excellent results. Twenty-four patients were treated for syringomas of
the eyelids. Between one and three sessions were necessary to remove
>80% of these tiny eccrine tumors. A relapse may occur during hot
summer.

Hypertrophic scars (n=25) and atrophic acne scars (n=13) can be
improved by erbium-YAG laser treatment (Figure 2¢c and 2d). In both
indications a number of treatments is necessary. For hypertrophic scars,
laser is an adjuvant to other measures such as topical corticosteroids,
silicon gels or sheets and compression therapy. In case of acne scars
acute inflammatory lesions increase the risk of pigment changes. Lasers
should not be used during retinoid therapy. The realistic goal of such
treatment is not a cure but an improvement >50%.

Balanophosthitis plasmacelluaris (Zoon) - a benign chronic
inflammatory disease genital mucosa - is an important indication in
our practice. We see the laser in males as an alternative to circumcision
with less downtime and preservation of the prepuce. Diagnosis needs
histologic confirmation to exclude early penile cancer. We have performed
erbium-YAG laser therapy in 78 patients. We used a 3 mm or 5 mm focus
depending on the size of the erythematous lesions. In most cases a pulse
energy of 600 mJ was sufficient. Bleeding was noted in 5 cases (all on
anticoagulants) leading to more than one laser treatment in these patients.
All other patients were sufficiently treated by a single laser session with
2 to 3 passes. The response rate was 100% (Figure 3).

Premalignant disorders such as actinic keratosis (n=69), chronic
actinic cheilitis (n=31), and Bowen’s disease (n=2) were removed by
erbium-YAG laser. The complete response rate after a single laser
session was 98.6% for actinic keratosis, 100% for cheilitis and 100% for
Bowen’s disease. The whole lower lip was treated by two to three passes
with a 5 mm focus and pulse energy of 800 m]J.

Erbium-YAG laser can be used for malignant tumors in a palliative
setting. Multiple small cutaneous metastases of less than 4 mm
diameter of breast cancer (n=1) or malignant melanoma (n=2) were
treated with a 3 mm focus and a pulse energy of 1200 m]. The lesions
healed within two weeks without leaving a scar. We have also treated a
female patient with multiple tiny naevoid basal cell carcinomas of the
face and trunk (Gorlin-Goltz syndrome) with the laser (3 mm focus,
pulse energy 800 myJ).

Several rare diagnoses have also been subjected to erbium-YAG
laser such as actinic porokeratosis, dyskeratosis follicularis (Darier) or
benign chronic familial pemphigus (Hailey-Hailey) not responding to
other treatments. Here the outcome was mixed with some areas getting
better and others that did not respond.

Discussion

The erbium-YAG laser is an ablative laser that can be used safely

Figure 3. Noncicatrical balanoposthitis Zoon (a) before and (b) 4 weeks after laser
treatment.
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for removal of benign, pre-malignant and malignant skin lesions.
The major limitation of the erbium-YAG laser is its weakness on
hemostasis. On the other hand it offers a precise ablation with limited
thermal damage of the neighboring tissue [4,6].

An important indication in our hand was the treatment of common
warts especially on hands and feet. Here the erbium-YAG laser offers
an advantage for patients and staff, since the plume is free of human
papilloma virus DNA in contrast to CO, laser [7,8].

Erbium-YAG laser treatment of 121 plantar warts resulted in fast
healing without hypertrophic scars and a low recurrence rate of <6%
after 12 months [9]. We demonstrated earlier in an open trial that
common warts in hard to treat areas, i.e. peri- and subungual or plantar,
respond to erbium-YAG laser in 72.5% [10]. This is also the success rate
we have seen in the present analysis of almost 400 procedures in 312
patients. Larger plantar warts needed to be treated more often, more
aggressive. Since formation of hypertrophic scars has been reported
in patients treated with lasers for common warts too aggressive laser
therapy should be avoided [11].

Seborrheic keratosis are common in patients above the age of
50 years. Although they do not represent any severe health risk the
appearance of multiple lesions may be annoying for the patient.
Sometimes pruritus and superficial bleeding due to mechanical
irritation are associated. Often curettage or cryotherapy is used,
both with comparable efficacy but slightly different cosmesis due to
hypopigmentation after cryotherapy [12]. In a recent randomized
trial, erbium-YAG laser was more effective than cryotherapy with a
better esthetical outcome [13]. This is also our impression, although
no comparative trial had been performed by us. Patients who had
curettage before reported less pain after erbium-laser.

Patients with hyperpigmented lesions such as actinic lentigines
or labial melanotic macules benefit a lot from erbium-YAG laser. In
most patients a single treatment completely removes the spots and
healing is fast. With many other treatments such as cryotherapy or
other lasers post-inflammatory hyperpigmentation is a challenge [14].
However, post-laser treatment needs sun-/ultraviolet light-protection
and a moisturizer [10]. In case of posttraumatic tattoos early treatment
provides better results [15,16].

Periocular lesions are common. Fibromas, xanthelasmas, papulosis
nigra or syringomas can be found here causing negative effects on
esthetic perception. Such lesions can be removed with excellent
outcome by the erbium-YAG laser [17-20]. Only, in case of bleeding
lesions, a second session will be necessary. We have not used bipolar
forceps in these patients to avoid any risk of scarring.

Treatment of hypertrophic scars needs a complex approach with
skin care, silicon dressings, corticosteroid injections etc. Ablative
laser therapy can serve as adjuvant procedure [21,22]. Atrophic scars
improve after several sessions with the erbium-YAG laser. This is
considered to be a safe method for scar correction [23].

Erbium-YAG lasers have been among the first effective lasers in
the treatment of atrophic acne scars [22]. In a study from Turkey on
128 patients with acne scars the investigators observed improvement
of skin texture, scars and pigmentation [24]. We noted a good response
after several session but no complete cure of course. It is important to
communicate the partial improvement as the goal of laser treatment to
the patients.

There is a wide range of benign tumors, cysts or hyperkeratotic
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disorders that have been successfully treated or at least alleviated
by erbium-YAG laser application such as nevus sebaceous, actinic
porokeratosis, osteoma cutis or angiokeratoma [25-29].

Balanophosthitis plasmacelluaris (Zoon) is a benign disease
of external genitals more often seen in elderly males than females.
Biopsy is necessary to exclude premalignant and malignant differential
diagnoses. Topical therapies are often prescribed with very limited
benefit for the patient. In males circumcision is a surgical option [30].
An alternative to surgery with less downtime and preservation of the
prepuce is ablative erbium-YAG laser therapy. We have performed
almost 80 treatments with the erbium-YAG laser without any scarring.
Erbium-YAG laser therapy leads to a stable remission in patients with
Zoon’s balanophostitis [31,32]. Late recurrences after 12 months are
possible (in 3 patients), but the lesions developed only in previously
untreated parts of the glance or the prepuce.

The erbium-YAG laser is a versatile tool to treat premalignant
conditions of skin and lips. Actinic keratosis showed a complete
response after a single erbium-YAG laser session in almost 90% in an
earlier open trial [10].

Chronic actinic cheilitis is an obligate precancerous disease. The
classical surgical option is vermillectomy. Patients who underwent a full
lip erbium-YAG laser treatment for chronic actinic cheilitis were very
satisfied. In a retrospective study 92.2% reported an improvement in
cosmetic appearance. But even more important, almost 85% remained
completely disease free during follow-up of mean 65.7 months. 93.5%
of patients were satisfied with the laser treatment [33].

Palliative treatment of small cutaneous metastases is helpful to
control the disease without morbidity and negative impact of the
quality of health of such patients. Larger and deeper seated metastases
will benefit more from CO, laser [34,35].

In conclusion, erbium-YAG laser is a versatile tool in
dermatosurgery. The treatment offers minor pain and low risk of
adverse effects for the patients. In many cases the outcome is excellent.
Although laser technology makes progress year after year the simple
and reliable technique of erbium-YAG offers a good and serious option
for the dermatologist.
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